It is well known that coagulation of drawn blood may be retarded experimentally by cold, and that moderate heating hastens coagulation. In fact, it has been claimed by some (Starling) that platelets increase in numbers in cold blood and that they can actually be "manufactured" by cooling platelet-free plasma. In this connection I have no evidence to offer, but it is important to know the influence of heat and cold on clot formation in the circulating blood. This may have some bearing on matters of treatment; consequently some experiments have been carried out by the method already described for the study of extracorporeal thrombosis.
Effects o] Temperature. Cold.--Rabbits weighing about 2 kilos were anesthetized and operated on as already described. The apparatus, filled with physiologic solution of sodium chloride was attached to the carotid artery and jugular vein, the collodion tube being immersed in cool physiologic sodium chloride solution (5°C.). The clamps were detached and the blood began to circulate very violently through the apparatus. In spite of the container being surrounded by ice, the cool solution in the container became warm (10 ° to 15 °) very soon, as it was influenced by the warm arterial blood. To keep the collodion tube cool the solution in the container was changed many times.
On marked cooling, the blood in the apparatus continued to flow for from 15 to 25 minutes, while at body temperature it ceased in from 4 to 10 minutes. Finally the circulation was stopped by the obstruction of the arterial cannula (rarely of the venous cannula) by white thrombi. Before obstruction was complete the blood current became slow and white thrombi appeared in several places in the apparatus, especially in the arterial tubes and to some extent in the collodion tube. Still circulation sometimes went on. Gradual!y the pulsation of the collodion tube and jugular vein became less marked, and mixed thrombi appeared in the venous cannula, and extended into the vein. When the apparatus was detached, as soon as the obstruction occurred, the blood in the arterial cannula and in the • arterial half of the apparatus was already clotted and mixed thrombi appeared on the irregular surface of the connecting parts of the glass tubes, while about half of the blood in the venous half of the apparatus still remained fluid. In the collodion tube the blood was clotted in laminae, a part of the blood still remaining fluid; a few small white thrombi were sometimes seen also. From this it is clear that low temperature tends to retard dotting in the artificial loop and consequently, the occurrence of obstruction is postponed. Nevertheless, white thrombi were observed in several parts of the apparatus.
Heat.--In two experiments the effects of heat (40°C.) were investigated. After a few minutes circulation, fibrin formed on the abnormal surface of the apparatus, especially in the collodion tube and venous cannula. Obstruction of the venous cannula by red clot occurred after from 4 to 6 minutes circulation. Soon after obstruction, all the blood in the apparatus clotted as a solid column; lamination was not marked. The formation of white thrombi was scarcely evident.
The results of heat (55°C.) applied around the collodion tube are much more interesting for they indicate the rapidity with which clotting may occur. After from 2 to 6 minutes the venous cannula was totally obstructed and a solid column of blood was taken out of the apparatus. In serial sections only coagulated blood was seen, instead of the characteristic structure of red and white thrombi. Rapid coagulation does not allow sufficient time for stratification or collection of platelets.
E2~ect of Mechanical Factors Such as Compression and Obstruction of
Vessels.
When the blood is normally coagulable and the carotid artery is partially compressed and the stream retarded the arterial cannula is soon obstructed by white thrombi, mixed thrombi form in the artery, and the entire blood in the apparatus comes to a standstill and quickly clots as a solid mass.
Partial Occlusion of the Carotid Artery.--The results in the following protocol are typical of the findings in three experiments.
At 2.25 p.m. Rabbit 28, weighing 1,800 gm. was injected intravenously with 30 rag. of heparin. At the same time the apparatus was attached and the carotid artery compressed with metal clip so that the blood flowed at the rate of 30 drops a minute. Clotting time was more than 30 minutes.
At 2.55 pulsation was recognizable. A white thrombus obstructing the arterial caunula was removed. With a new set-up, the experiment was continued, the blood flowing at the rate of 30 drops a minute.
At 3.20 the stream stopped again. The collodion tube was cut off. The constricted part of the arterial cannula was filled with white thrombi and totally obstructed. There was a big red thrombus (6 ram. long, 4 ram. wide and 3 ram. thick) in the bottom of the arterial end of the collodion tube, and in the arterial half of the apparatus were many white thrombi, which were covered by sedimented erythrocytes.
In spite of the incoagulability of the blood, the slowing of the blood stream has a tendency to facilitate the formation of red thrombi on the foreign lining of the apparatus and, on account of the marked retardation of the stream, the thrombi are chiefly formed in the arterial half, in the collodion tube at the arterial inlet just as in the case of Aschoff's sand banks. Obstruction of the arterial cannula by a mass of white thrombi is easily demonstrated.
In the serial sections this thrombus from the collodion tube is built on a base of very tiny white thrombi and is composed of red clots, in which wide fibrin bands are interwoven. Despite the incoagnlability erythrocytes easily precipitate and fibrin is formed rather quickly.
Complete Obstruction of the Carotid Artery.--In two experiments
with anticoagulant injection* a few minutes after the circulation through the apparatus was established, the carotid artery was obstructed by a clamp. The apparatus was detached 15 minutes and 50 minutes respectively, afterwards. There was a mixed thrombus * With larger or continuous dose of heparin clotting might be entirely prevented.
in the carotid artery between clamp and cannula which followed the white thrombus of the constricted part of the arterial cannu]a. In the latter, also in the venous cannula, in the jugular vein and here and there in the other parts of the apparatus, blood clot adhered to the wall. In the collodion tube the greater part of the blood remained fluid but, in the bottom, thin layers of red clots and one big mixed thrombus adhered to the wall of the arterial half of the collodion tube near the inlet and another was present at the outlet.
In the case of partial obstruction of the carotid artery the blood stream in the apparatus is at a standstill and further growth of white thrombi is very much reduced because no new blood platelets or leucocytes will be brought in contact with the wall. Then the blood stream in the arterial cannula was violent and the pulsation of the collodion tube still marked; soon afterwards the blood in the venous tubes and in the collodion tube became dark, but the pulsation in the arterial half persisted.
Obstruction of the
At 5.45, 55 minutes after connection, the clotting time was longer than 30 minutes; pulsating movement in the arterial cannula was still marked. 1 hour after the connection the apparatus was detached. In the apparatus white thrombi were not numerous. Sedimentation of erythrocytes occurred in the venous corner tube. The collodion tube contained at its arterial end a large mixed thrombus, consisting mainly of large clumps of platelet thrombi; about twenty clumps were connected by fibrin and erythrocytes.
SUMMARY.
The effects of environmental temperature on thrombosis in circulating blood were tested in the extracorporeal loop by the method previously described. Cold (7 ° to 15°C.) about the collodion tube retards the clotting of circulating blood. Obstruction of the arterial • cannula occurs after from 15 to 25 minutes.
Heat (40 ° and 55°C.) tends to hasten clotting; obstruction by red clot takes place after from 4 to 6 minutes and from 2 to 4 minutes, respectively. In the latter case no characteristic thrombus structure may be seen. These results were what might be expected. The formation of white thrombi occurs even under the influence of cold, and they continue to form and grow as long as the circulation continues.
When the carotid artery is partially occluded and the blood stream slowed, after the injection of the anticoagulant, the blood has a tendency to form red thrombi on the foreign surface of the vascular loop. The thrombi are deposited chiefly in the arterial half of the apparatus, especially at the bottom of the arterial end of the collodion tube, just as in the case of Aschoff's sand experiments. In spite of incoagulability of heparinized blood, red clots, with interwoven fibrin bands, are found. Also very tiny white thrombi may form in other parts of the collodion tube.
The effect of complete obstruction of the carotid artery and jugular vein on thrombus formation was studied after the use of anticoagulant. When the carotid artery is obstructed the formation of white thrombi is negligible and sedimentation of erythrocytes and deposition of fibrin appear throughout the apparatus; then the blood, at a standstill, clots very slowly.
When the jugular vein is obstructed, dislodgment of platelet thrombi probably results from the pulsating movement, and sedimentation of erythrocytes follows, forming mixed thrombi. The dislodged white thrombi tend to gather in the bottom of the tubes of the widest caliber, especially in the collodion tube.
